Background Studies have focused on intramedullary nailing of femoral simple bone cysts but have not clarified the recurrence frequency or management of recurrent cysts. In particular, the affect of pathologic fractures on cyst healing, recurrence, and complications of treatment have not been reported. Questions/purposes We performed a retrospective comparative study to examine whether there were differences between simple bone cysts in the proximal femur nailed after pathologic fracture and those without pathologic fracture in terms of (1) healing time, (2) frequency and timing of recurrence, and (3) complications. Methods From 1995 to 2005, 54 patients diagnosed with femoral simple bone cysts were treated and followed for a minimum of 8 years. Flexible nails were inserted in a retrograde fashion in 25 patients with fractures and 29 patients without fractures. The healing period, degree of radiographic consolidation based on the criteria of Capanna et al., recurrence frequency, and final bony abnormalities were analyzed. The mean followups were 107 months (range, 96-124 months) and 103 months (range, 96-140 months) in the groups with and without fractures, respectively. With the numbers available, a post hoc calculation showed that this study had 80% power to detect a difference of 7 months of healing time as significant with a probability less than 0.05.
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Introduction
Simple bone cysts of the proximal femur are not uncommon in children. However, healing time and frequency of recurrence after treatment of these cysts have not been specified as clearly or sufficiently as for cysts of the proximal humerus. Numerous studies have been performed on humeral cysts [4, 7, 11, 19, 24, 25] , whereas only a few have focused on femoral cysts [3, 13, 16, 20] . Several aspects, including weightbearing, the presence of a final deformity at the end of growth, limb length, and normal gait, should be considered for femoral cysts. The majority of patients report having a painful hip after pathologic fractures, and the fractures are diagnosed as displaced or nondisplaced [16] . Incidental cysts accompanied by discomfort are reported after minor trauma [7, 16] .
Curettage and bone grafting are the traditional treatment methods for simple bone cysts of the proximal femur. These treatment options have a complication rate of 15%, leading to sequelae such as infection, coxa vara, epiphyseal arrest, and limb shortening [5, 9, 14, 17, 18] . Furthermore, the recurrence rate is as much as 40% [13, 14, 17, 18, 24] . Oppenheim and Galleno [17] concluded that curettage and bone grafting should not be considered the preferred treatments for simple bone cysts. The major drawbacks of other surgical techniques, such as subtotal resection and total subperiosteal resection, include physeal damage, intraoperative blood loss, intraoperative fracture, and a long period of postoperative immobilization [14, 24] . Catier et al. [3] reported successful results after flexible intramedullary nailing for treatment of simple bone cysts in the proximal aspect of the femur. Knorr et al. [11] and Santori et al. [21] reported complete healing in all of their patients treated by intramedullary nailing. The advantage of this method is the same as that described in earlier series [5, 6, 22] : continuous decompression of the cyst and a subsequent decrease in the intralesional pressure. Vigler et al. [26] used an angled blade plate with an external fixator for treatment of subtrochanteric fractures attributable to simple bone cysts, but this approach has several apparent drawbacks, including physeal injury, invasiveness, and problems with implant removal. Because of the drawbacks of the other approaches to this problem, we have considered flexible intramedullary nailing an attractive approach. Flexible nails offer a decompression effect for the cyst, stability around the cyst despite a pathologic fracture, and simplicity of the procedure. However, to our knowledge, no study has determined whether the efficacy of flexible nailing is comparable in patients with and without pathologic fractures at the time of presentation.
Therefore we performed a retrospective comparative study to examine whether there were differences between simple bone cysts in the proximal femur nailed after pathologic fracture and those without pathologic fracture in terms of (1) healing time, (2) frequency and timing of recurrence, and (3) complications.
Patients and Methods

Patient Selection
Sixty patients with simple bone cysts of the proximal femur were admitted to our institute from January 1995 to December 2005. Of these 60 patients, 57 (95%) were treated with flexible intramedullary nailing. Three of these 57 patients were lost to regular followup. Thus, 54 patients (95% of those treated with flexible nails) with at least 8 years of followup were included in this study ( Table 1 ). The first group was composed of 25 patients with simple bone cysts and pathologic fractures at initial presentation. There were 15 boys and 10 girls, with a mean age of 9.7 years. The second group was composed of 29 patients with simple bone cysts but without pathologic fractures. There were 16 boys and 13 girls, with a mean age of 10.1 years. In this group, 19 patients reported progressive hip pain and limping and the cysts of the remaining 10 patients were detected incidentally on radiographs obtained just after minor trauma.
The inclusion criteria were patients (1) diagnosed with simple bone cysts by an orthopaedic oncologist and a radiologist, (2) with cysts having a modified cyst index (described below) greater than 3.5 [4] , (3) undergoing treatment without bone grafting or steroid injection, (4) for whom complete medical records and radiographic data were available, (5) with skeletal immaturity, and (6) who had complete records at a minimum of 8 years.
We excluded patients with the following characteristics: (1) modified cyst index [4] less than 3.5, (2) healing process underway after pathologic fracture during nonoperative treatment of a simple bone cyst, (3) recurrence after healing of a simple bone cyst treated nonoperatively or by any other treatment options, and (4) inconsistent diagnosis between the radiologist and oncologist necessitating biopsy or MRI.
Surgical Technique and Postoperative Management
In the group with fractures, displaced fractures were reduced first with the patients on the traction table and nails were inserted. The length of the nails chosen was checked using the image intensifier by placing the nail on the anterior surface of the thigh. The diameter of the nails was selected such that the sum of inserted nails would occupy approximately 80% of the medullary canal. Four or five nails were inserted. All the nails were titanium alloy and ranged from 2 mm to 3 mm. No open or percutaneous biopsy was performed before nailing, and no curettage was performed in this series. For retrograde insertion of nails, two straight incisions were made 3 cm above the distal epiphysis. In the group without fractures, all procedures were identical, except that the ordinary operation table was  used instead of the fracture table. Postoperative mobilization depended on whether there was a pathologic fracture and on the stability of the fixation. Patients with fractures of the femur were allowed nonweightbearing, crutch-assisted ambulation after a mean of 5 postoperative days (range, 3-7 days). For patients with poor stability owing to larger cysts or extensive cortical thinning, nonweightbearing, crutch-assisted walking was allowed for 3 weeks, and weightbearing ambulation was gradually permitted after monitoring via simple followup radiographs. Patients with stable nailed fractures were allowed to bear weight as tolerated. All patients in both groups were allowed to resume daily activities after discharge.
The distribution of cysts was four in the neck, eight in the intertrochanter, and 13 in the subtrochanter area for the patients with fractures. Six patients had active cysts. For the patients without fractures, the distribution of cysts was seven in the neck, nine in the intertrochanter, and 13 in the subtrochanter area. Eleven patients had active cysts. Mean followups were 107 months (range, 96-124 months) and 103 months (range, 96-140 months) in the groups with and without fractures, respectively. The two groups were similar with the exception of time to surgery after diagnosis (1.9 days versus 7.8 days for the groups with and without fractures, respectively; p = 0.007; Table 1 ).
Modified Cyst Index
We used the modified cyst index [4] to evaluate the cyst area. This is a newly developed method of determining the cyst index based on picture archiving and communication system (PACS) software (m-view 5.4; Marosis Technologies Inc, Seoul, Korea). The area of simple bone cysts was calculated automatically on PACS software and then the area was divided by the square of the diameter of the femoral diaphysis. Two orthopaedic surgeons (SMC, JWP) measured the index on the AP and lateral radiographs and defined the mean value as the modified cyst index. Similar to the cutoff value of the conventional cyst index [10, 12] for high risk of pathologic fracture in femoral simple bone cysts, we used modified cyst index values greater than 3.5 as the criterion for surgery in the group without fractures.
Bland and Altman plots and repeatability coefficients [1] were used to measure interobserver and intraobserver repeatability of evaluations of the modified cyst index. The 95% limits of agreement represented a visual interpretation of how well the measurements of the two orthopaedic surgeons agreed. By definition, the measurement of error was smaller than the repeatability coefficient for 95% of the observations.
The interobserver and intraobserver repeatability coefficients of the modified cyst index were 0.77 and 0.75, Radiographic Classification and Measurement of the Cyst Radiographic assessments were performed every 3 months until 2 years postoperatively and every 6 months thereafter. According to the classification system of Capanna et al. [2] , a cyst was classified as completely healed when it was filled with bone and had healed and the cortical margins had thickened. A cyst was classified as incompletely healed when it was well consolidated with bone; that is, most of the cyst was filled with bone and had healed and the cortical margins had thickened, but there were still small, residual areas of radiolucency. A cyst was classified as a recurrence when it had healed initially and been filled with bone, but large areas of radiolucency and cortical thinning subsequently developed. A cyst was classified as having no response when there was no sign of consolidation or healing. Recurrence and no response evaluations represented treatment failures. Two orthopaedic surgeons (SMC, JWP) other than the operating surgeon evaluated the radiographs. The ability of the reviewers to classify the cyst using the four criteria of Capanna et al. [2] was expressed using the kappa value. According to Fleiss and Cohen [8] , a kappa value greater than 0.75 is regarded as excellent, 0.40 to 0.75 is fair to good, and less than 0.40 is poor. The reviewers' ability to classify the cyst according to the criteria of Capanna et al. [2] at final followup as determined on simple AP and lateral radiographs was excellent (kappa values of 0.83 and 0.84, respectively). The healing time was defined as the postoperative period when the cysts had complete healing or incomplete healing, as determined at regular followups.
Complications
Surgery-related complications were defined as physeal damage attributable to hardware, infection, refracture during the inserted nail state, and problems related to the protruding nail ends at the insertion site. Additionally, long-term complications included joint contracture, limb length discrepancy, and gait abnormality [7, 23] . Deformities including coxa vara, coxa brevia, femoral head abnormalities including avascular necrosis, and angulation were evaluated at final followup and were regarded as long-term complications. Limb length discrepancy observed on the final orthoroentgenogram was defined as a difference greater than 1 cm in length.
Statistical Analysis
Preoperative demographic data, distribution of cyst location, activity, and modified cyst index were analyzed and compared using a t-test or chi-square test. Final values were compared between the two groups using paired Student's t-tests. For analyses involving smaller quantities, such as for patients experiencing complications, Fisher's exact test was used. Data were analyzed using SPSS 1 for Windows 1 (SPSS Inc, Chicago, IL, USA). A post hoc calculation showed that this study had 80% power to detect a difference of 7 months of healing time as significant at a probability less than 0.05.
Results
With the numbers available, there was no difference in healing period between the two groups (25 versus 30 months in the groups with and without fractures, respectively; p = 0.16; Table 2 ). Distribution of the criteria of Capanna et al. [2] at final followup was not different between groups.
The two groups were not different with respect to frequency of recurrence (one patient versus three patients with recurrences in the groups with and without fractures, respectively; p = 0.62; Table 2 ). All recurrences followed a pathologic fracture. The one patient in the group without fractures had progressive hip pain throughout 3 weeks, and a fracture was diagnosed after minor trauma. The other three patients had an acutely painful hip and subsequently were diagnosed with recurrence and refracture. Three of the recurrences occurred after removal of intramedullary nails with incomplete healing and one with complete healing 84 months after the initial surgery. The recurrences occurred 4 years after initial diagnosis in the patient in the group with a fracture and at 2, 4, and 7 years after initial diagnosis in the three patients in the group without fractures (Table 3) . For these four patients, the mean healing (Fig. 1) , and compression hip screw fixation with autogenous iliac bone grafting was performed in two patients with a closed physis (Fig. 2) . The mean healing period after the second surgery was 7 months and the recurrent cysts were classified as completely healed in three patients and incompletely healed in one patient. The total followup from the time of initial diagnosis of these four patients was 124 months ( Table 4 ). None of the main demographic variables, such as sex, age, or modified cyst index, affected the incidence of recurrence (Table 5) .
One patient in each group had coxa vara at final followup. No discrepancies greater than 2 cm were found and no patient had a Trendelenburg sign or any other gait abnormality. Shortening less than 2 cm was observed in two patients in each group. One patient with recurrence in the fracture group had lengthening of 1.5 cm, and one of the patients with less than 2-cm shortening in the group without fractures had a recurrent cyst. Other complications, such as physeal damage attributable to the hardware, infection, or problems related to the protruding nail ends at the insertion site, were not encountered.
Discussion
Femoral simple bone cysts accompanied by fractures require fracture reduction and stability, but few studies [3, 13, 20] have focused on femoral cysts that have not yet fractured. Studies of intramedullary nailing of femoral simple bone cysts do not clarify whether there are differences in treatment efficacy with this approach based on whether a fracture has or has not occurred before treatment [7, 16, 20] . We therefore performed a retrospective comparative study to examine whether there were differences between simple bone cysts in the proximal femur nailed after pathologic fracture and those without pathologic fracture in terms of (1) healing time, (2) frequency and timing of recurrence, and (3) complications. This study had some limitations. Despite having 25 patients in the group with fractures and 29 patients in the group without fractures, few patients in either group had a recurrence, complicating statistical comparisons of its incidence. In addition, risk factors and predictive factors for recurrence were not identified. Four patients underwent a second surgery for recurrence with fixation with compression hip screws or intramedullary nailing. Stable fixation for a fractured cyst helped to guide selection of the method. However, we could not compare the usefulness of compression hip screws and nailing. All patients with recurrences presented with fractures. Therefore, in this study we could not ascertain the proper guidelines for treatment of cyst recurrence without fracture.
Studies have confirmed the usefulness of this method based on a sufficient number of patients, high rate of response for treatment, and long followup [7, 19, 20] . de Sanctis and Andreacchio [7] reported that no difference in healing time was noted between the simple bone cysts with pathologic fractures and those without them. The relatively small number of patients in their study precluded identifying any statistical differences in healing periods or outcomes between the groups of patients. Roposch et al. [20] reported that 11 patients with simple bone cysts of the proximal femur were treated by intramedullary nails. The mean healing time was 48 months for five patients with pathologic fractures and 31 months for six patients without pathologic fractures. However critical statistical comparison was limited owing to the small number of patients. Nevertheless, they assumed that, despite the lack of statistical significance, a longer healing time was needed in patients who did not have a pathologic fracture [19] . They pointed out that recurrent cysts grew outward from an area not covered by nails. However, these results differ from those of our study, as three subtrochanteric and one intertrochanteric cyst recurred. Flexible nailing yielded stability, decompression, and covered the entire cystic area, but the cysts recurred as pathologic fractures. An additional difference in our study was shortened nails attributable to bone growth. Roposch et al. [19] exchanged nails in nine patients, but we removed the nails as soon as possible when the cyst showed at least incomplete healing according to the classification of Capanna et al. [2] . Namely, when the residual area of radiolucency was smaller than 30% of the initial size, the nails were removed. Thus, all nails were removed 14 to 54 months postoperatively.
Norman-Taylor et al. [16] reported that, to reduce recurrence, a Neer healing grade of 3 or 4 [15] is necessary during the first year of diagnosis and throughout followup. Norman-Taylor et al. [16] evaluated the difference in refracture after healing by nonsurgical treatment depending on displacement at the initial presentation. They concluded that displaced fractures were able to achieve union and healing in 1 year, but major complications such as coxa vara and avascular necrosis of the femoral head were frequent. However, undisplaced fractures needed a longer period of healing, additional steroid injections were needed to maintain the grade, and recurrence and refractures were more frequent, leading to coxa vara and short limb length. Their study [16] was meaningful for its comparison of the natural healing potential of a fractured cyst of the proximal femur, even without statistically significant evidence. However, their results may differ from ours because we used flexible nailing. The healing potential, time, and pattern may be variable according to the decompression and fixation of the cysts. Teoh et al. [25] found age of 5 years or older; right-sided, large, multilocular cysts; and unimpacted fracture to be predictive factors for recurrence of simple bone cysts of the proximal humerus. Recurrence was not related to sex, cyst location, or cyst activity level. However, with the numbers available, in our study, age, sex, cyst size (modified cyst index), and the presence of fracture all were unrelated to the recurrence of the cyst. In the group without fractures, three patients were diagnosed with recurrence; however, the incidence was not different from that of the group with fractures. In our study, three patients with fractures and seven without fractures had a neck cyst with proper cancellous bone stock for stable anchoring with the nails (Fig. 3 ). In one patient in the group with fractures, in whom the cyst had expanded nearly to the physis, the nails were fixed through the epiphyseal plate ( Fig. 4 ). Roposch et al. [20] reported that, with large cysts and extensive cortical weakening, nails may exit from the bone. In such cases, avascular necrosis of the femoral head must be considered a potential complication. Such a perforation of a nail through the weakened cortex was observed in one of our patients who experienced recurrence, but the extrusion was through the weak greater trochanter and was not a substantial problem at final followup (Fig. 5) .
The strength of our study was its comparative nature based on a large number of patients in both included groups through long-term followups. To our knowledge, previous reports [7, 19, 20] of femoral bone cysts were case series and the number of patients who underwent surgery before pathologic fracture was relatively small, making statistical comparisons difficult. Second, we performed surgery using a single method without bone grafting or any other additional fixation. Few patients were lost to followup, so the recurrence frequency in each group could be meaningful. Additionally, the change of the degree of healing was evaluated at the time of recurrence and after the secondary fixation.
Whether a pathologic fracture had occurred before surgical treatment, intramedullary nailing of femoral simple bone cysts resulted in reliable healing and the frequency of recurrence did not differ. However, because this was a retrospective study, the optimal treatment for a recurred cyst after intramedullary nailing should be investigated further through a comparative or prospective study.
